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ABSTRACT 

The research presented herein demonstrates the feasibility of predicting uldmate strengths in simple 
composite structures through a neural network analysis of their acoustic emission (AE) amplitude 
distribution data. A series of eleven ASTM D-3039 unidirectional graphite/epoxy tensile samples were 
loaded to failure to generate the amplitude distributions for this analysis. A back propagation neural 
network was trained to correlate the .AE amplitude distribution signatures generated during the first 25% 
of loading with the ultimate strengths of the samples. The network was trained using two sets of inputs: 
(1) the statistical parameters obtained from a Weibull distribution fit of the amplitude distribution data, 
and (2) the event frequency (amplitude) distribution itself. The neural networks were able to predict 
ultimate strengths with a worst case error of -8.99% for the Weibull modeled amplitude distribution data 
and 3.74% when the amplitude distribution itself was used to train the network. The principal reason for 
the improved prediction capability of the latter technique lies in the ability of the neural network to 
extract subtle features from within the amplitude distribution. 

1.0 INTRODUCTION 

Previous research [1] has indicated that ultimate strengths could be predicted by mathematically 
modeling the amplitude distribution of composite tensile specimens with a Weibull distribution. The 
analysis demonstrated that an equation of the form o u = C 0 + Cjb + C20 + C3b*0 could be used to 
predict ultimate strengths, where "b" and ”0" are the Weibull distribution shape parameters and the 
density function is given by f(x) = (b/9) * ( A/0)^~ ^ * exp(A/0)^. The Weibull parameters were therefore 
proposed as inputs to a back propagation neural network. Research has also demonstrated [2] that a 
back propagation neural network model of the AE amplitude data collected during the initial stages of 
loading of 2195 aluminum-lithium alloy weldments could be used to predict their ultimate strength. 

There the number of AE hits recorded at 1 dB intervals were used as the input vectors to the neural 
network. It was thought that a similar approach might work with these composite tensile coupons. 

2.0 NEURAL NETWORK ANALYSIS 

NeuralWorks Professional EI/PLUS software, by NeuralWare, Inc., was used to develop the back 
propagation neural networks for this paper. Input data was fed into the network through an array of 
input neurons. Each input neuron was then fully connected by a series of weighting functions to a layer 
of hidden neurons and these in turn were fully connected to the output neuron. A bias neuron w r as weight 
connected to the hidden and output layer neurons to serve as a constant reference or offset value in the 
network. 
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It was thought that a better ultimate strength prediction could be obtained by training the network 
with the more detailed event frequency (amplitude) distribution. The individual event count found at 
each (1 dB) amplitude interval would serve as the input to the neural network. For this approach a three 
layer network was employed. The hidden layer allowed the network to characterize the subtle variations 
in the distribution and relate them to the known ultimate strengths in the training set. The network 
architecture was built around a 23 neuron input layer, an 1 1 neuron hidden layer, a fully connected bias, 
and a single output layer neuron for predicting ultimate strengths. The subtle variations found within the 
amplitude distribution were correlated with the ultimate strength of the training samples (by the hidden 
layer’s weighted connections) to yield a worst case error of 3.74%. 

3.0 CONCLUSIONS 

The experimental work in this paper demonstrated that a back propagation neural network can be 
used to predict ultimate strengths in graphite/epoxy tensile specimens by using the event frequency 
(amplitude) distribution data as the input vectors with their known ultimate strengths as the output 
vectors. Only the low amplitude portion of the AE data taken up to 25% of the expected failure strength 
(from a series of six training specimens) were used in the input training vectors. The hidden layer of the 
neural network was able to extract and map the subtle features of the amplitude distribution data to the 
known failure strengths of the samples tested. The technique permitted a worst case ultimate strength 
prediction error of 3.74%. This is somewhat lower than the 5.39% worst case error from the previous 
statistical analysis [1], 

The neural network was not able to correlate the Weibull distribution parameters of the amplitude 
data with the ultimate strengths of the samples as well as the multivariate statistical analysis. Due to the 
smoothing effect of the Weibull model on the event frequency data, the details required to generate 
accurate ultimate strength predictions were not present. The Weibull distribution modeling parameters 
are very sensitive to aberrations in the event frequency data set This leads to the formation of "noisy" 
input data. Also, with the limited amount of information present in the input vector ("b" and/or "b*0") 
the neural network has a tendency to memorizing the Training data, this then results in higher prediction 
errors (especially with "noisy" input data). 
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